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We  have  recently  grown  KLTN:(Cu,  Ni,  Ni/Ti)  and  SBT  crystals  and  characterized  their 
nonlinear-optical  properties.  The  growth  of  these  high  quality  crystals  is  a  result  of  recent 
improvements  in  the  crystal  growth  system;  namely,  improved  flux  uniformity  and  higher 
operating  temperature.  These  and  other  materials  have  been  characterized  for  application  to 
holographic  data  storage  and  quasi-phase  matched  second  harmonic  generation.  In 
particular,  the  paraelectric  KLTN  materials  doped  with  Ni  exhibit  an  enhanced  long 
wavelength  sensitivity  (>  600  nm),  which  is  desirable  for  recording  holograms  with 
ubiquitous  He-Ne  or  semiconductor  lasers.  Furthermore,  we  have  discovered  that  dynamic 
ferroelectric  domain  gratings  in  addition  to  the  more  common  electrooptic  gratings  are 
present  in  SBN,  a  close  relative  of  SBT.  This  has  important  applications  to  permanent 
fixing  of  volume  holograms  and  tunable  quasi-phase  matching.  To  complement  this 
experimental  work,  we  have  also  derived  andytical  expressions  for  the  two  beam  coupling 
process  which  allows  us  to  deduce  photorefractive  material  parameters  for  these  crystals. 
This  balance  of  experimental  and  theoretical  work  has  enabled  us  to  continually  develop 
new  materials  whose  properties  are  optimized  for  nonlinear  optical  applications. 
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BRIEF  OUTLINE  OF  RESEARCH  FINDINGS: 


1.  Photorefractive  Crystal  Growth 

Significant  progress  was  made  in  photorefractive  crystal  growth  during  the 
course  of  this  research. 

The  successful  growth  of  KLTN  materials  doped  with  copper  was  achieved.  In 
addition,  the  crystal  growth  process  was  improved  to  allow  growth  of  crystals 
with  maximum  photorefractive  response  near  room  temperature.  This  result  was 
achieved  by  adjusting  the  composition  of  the  crystal  to  a  higher  concentration  of 
niobium  while  retaining  good  optical  quality. 

The  growth  of  KLTNs  doped  with  nickel  and  with  a  nickel/titanium  combination 
were  also  demonstrated.  Investigation  of  these  materials'  photorefractive 
properties  has  yielded  interesting  results.  These  materials  have  been  shown  to 
respond  much  more  strongly  to  longer  wavelength  light  than  their  copper  -doped 
counterparts.  Two-beam  diffraction  efficiencies  of  well  over  65%  are  now 
possible  in  2-3mm  thick  crystals  using  red  light  at  633nm. 

We  have  successfully  implemented  a  new  crystal  growth  system  and  have  grown 
several  dozen  high-quality  crystals!.  The  new  system  incorporates  numerous 
improvements  over  the  previous  systemj  these  include  a  better  flux  mixing 


capability  to  give  more  uniform  crystal  compositions.  In  addition,  the  new  system 
can  operate  at  a  higher  temperature  -  up  to  1650°C. 

Research  in  the  development  of  strontium  barium  titanate  (SBT)  is  continuing 
with  the  new  crystal  growth  system.  The  material  growth  parameters  were 
initially  mapped  out,  such  as  the  phase  diagram  of  the  system  and  we  then 
performed  several  preliminary  growths.  The  next  effort  was  to  generate  a  seed 
material  from  which  to  grow  larger  crystals.  This  step  has  been  accomplished  and 
the  research  is  currently  proceeding  to  larger  crystal  growth  development. 

At  present,  the  crystal  growth  effort  is  continuing  with  the  objective  of 
improving  the  photorefractive  wavelength  response  of  the  materials. 
Additionally,  we  plan  to  produce  high  quality  SBT  material  and  characterize  its 

material  properties. 
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2.  Analysis  of  Coupled  Beams  in  Photorefractive  Media 

We  developed  a  new  method  of  solving  coupled  differential  equations.  The 
particular  equations  solved  are  the  type  typically  encountered  in  describing 
grating  formation  in  photorefractive  materials.  The  recently  developed  methods 
were  applied  to  two  particular  problems.  First,  they  were  used  to  explain 
experimental  results  of  the  frequency  response  of  fixed  photorefractive 
interference  filters^.  These  results  agreed  favorably  with  experimental  data 
supplied  by  Accuwave  corporation  of  their  solar  filter.  Second,  they  have  allowed 
a  theoretical  solution  of  the  diffraction  results  seen  in  holographic  gratings 
written  in  paraelectric  KLTN^.  Again,  the  theory  agreed  well  with  the  data.  The 
equations  were  also  used  to  develop  a  new  technique  for  determining  the 
photorefractive  phase  (  a  material  parameter).  These  results  are  now  used  as  a 
general  tool  in  the  solution  of  these  types  of  equations. 
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3.  Progress  in  Fixing  of  Photorefractive  Holograms 

In  the  last  2  years  we  have  succeeded  in  generating  dynamic  ferroelectric  domain 
gratings  using  only  photoinduced  space  charge  fields  in  Sr.75Ba25Nb206 
(SBN:75).  We  have  demonstrated  that  these  initially  dynamic  domain  gratings 
can  be  fixed  by  a  variety  of  techniques.  For  instance,  domain  gratings  are 
permanently  fixed  after  writing  with  high  intensity  beams,  if  the  exposure  is 
above  100  J  cm-2.  Recently,  we  have  reduced  this  threshold  by  two  orders  of 
magnitude  by  using  a  short  exposure  technique  in  which  the  permanent  doinain 
grating  is  formed  by  developing  the  grating  in  the  dark  following  an  initia 
exposure.  In  support  of  the  early  fixing  studies  in  SBN,  we  have  found  that  the 
diffraction  efficiency  of  the  remnant  domain  gratings  can  enhanced  by  applying  a 
depoling  field  pulse  in  the  dark;  however,  domain  gratings  may  be  fixed  without 
any  external  field  other  than  the  photogenerated  space  charge  field.  We  have 
conclusively  determined  that  the  remnant  gratings  are  indeed  ferroelectric 
domain  gratings  and  have  theoretically  and  experimentally  studied  the 
implications  of  SBN's  glassy  polarization  phase  on  the  domain  grating  formation. 

We  have  used  this  technique  to  permanently  store  volume  holograms  in  SBN  for 
data  storage  applications.  A  unique  advantage  of  this  technique  is  the  ability  to 
selectively  overwrite  existing  fixed  holograms  at  predetermined  addresses.  This 
overcomes  the  primary  drawback  of  the  ion  drift  fixing  mechanism  in  LiNbOs, 
that  is,  the  inability  to  readily  update  the  memory  following  fixing.  On  the  other 
hand,  the  dynamic  space  charge  holograms,  while  being  updatable,  are  destroyed 
upon  readout.  Thus,  this  selective,  page  addressable  fixing  technique  has  several 
potential  applications  in  a  high  capacity,  high  data  rate  read/write  holographic 
optical  memory  with  long  term  storage  capabilities. 


Periodic  domain  gratings  can  also  be  used  to  achieve  quasi-phase  matched  (QPM) 
second  harmonic  generation.  By  writing  an  optical  grating  with  a  period  equal  to 
twice  the  coherence  length  of  the  interaction,  the  second  harmonic  conversion 
efficiency  can  be  significantly  increased  above  the  background  level.  Several 
domain  gratings  can  be  written  in  the  same  volume  to  tailor  Ae  spectral  response 
of  the  QPM  peak.  Because  these  domain  gratings  are  dynamic,  the  grating  period 
can  updated  on  very  short  time  scales  (<  seconds)  to  enable  tunable  QPM.  To 
render  the  domain  gratings  permanent,  they  can  be  frozen-in  using  the  fixing 
techniques  developed  for  the  permanent  storage  of  volume  holograms. 
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REPORT  OF  INVENTIONS: 

•  An  all-optical,  self  aligning  holographic  vibration  sensor  utilizing  the  zero 
external  electric  field  photorefractive  effect  in  strained  paraelectric 
materials.  U.S.  Patent  granted 

•  Method  of  high  quality  growth  of  transition-metal  doped  Kl-yLyTl-xNx 
crystals  that  exhibit  the  zero  external  field  photorefractive  effect.  Patent 
applied  for. 

•  Major,  systematic  characterization  of  Kl-yLyTi-xNx,  photorefractive 
crystals(l).  Major  improvement  in  optical  quality  of  KTN  nonlinear 
crystals. 

•  Discovered  new  photorefractive  mechanism,  based  on  Jahn-Teller 
relaxation  in  KTN(2). 

•  Design  and  fabrication  of  improved  crystal  growth  furnace  system,  suitable 
for  use  at  up  1650°C 


